The application of carbonized materials (CMs) from solid wastes for the control of hydrophobic organic contaminants is a promising way to treat wastes. In this paper, the physicochemical properties of CMs prepared from industry (fly ash and sewage sludge), plant (rice straw and bamboo fragments), and livestock (chicken manure) were analyzed, their adsorption capacities for nonylphenol were studied, and the relationship between the adsorption capacity and the physicochemical properties of different types of CMs was investigated. The results showed that the adsorption capacities of CMs prepared from plant solid wastes (rice straw and bamboo fragments) far exceeded those of the industrial and livestock solid wastes. The parameter K f obtained by the Freundlich model showed a significant and positive correlation with carbon content (C%), carboxyl content, specific surface area (SSA), and pore volume, and a negative correlation with ash content (ash%). Compared with CMs produced by the other two types of solid wastes, CMs from the plant solid wastes had the characteristics of a large SSA, rich pore structure (especially mesoporous) and high aromaticity (high C%), which were the main reasons for their superior adsorption capacity.
INTRODUCTION
There are many types of solid wastes in the world, such as plant solid wastes (rice straw, wood chips, wheat straw, etc.), industrial solid wastes (coal ash, sludge, slag, etc.) and livestock solid wastes (pig manure, chicken manure, cow dung, etc.). At present, the annual production of solid wastes in China are 570 million tons of fly ash (Su & Fang ) , 3264 million tons of animal manure (Zhang et al. ) , and global annual production of lignocellulosic biomass including undervalued agricultural residues and greenhouse biomass is about 181.5 billion tonnes (Paul & Dutta ) . The treatment of these solid wastes is one of the major environmental and resource related issues in the world. Converting the solid wastes into carbonized materials (CMs) and then applying them for the improvement of soil quality (Glaser et In the past decades, many studies had been conducted on the physicochemical properties of CMs prepared from different solid wastes and the factors that affected their adsorption capacity. The results showed that there were significant differences in the adsorption capacity of CMs prepared with different raw materials or different methods (Kupryianchyk et al. ) . The physicochemical properties of CMs affect their adsorption capacity significantly.
On the one hand, the effect is related to the specific surface area (SSA) and pore size distribution. First, CMs with a low total SSA generally have larger fractions of exposed SSA and lower amounts of accessible pores. Elevated pyrolysis temperatures can increase the SSA and nanoporosity (Kupryianchyk et al. ) . Second, CMs with a high total SSA usually contain more contaminant binding sites, which favors the adsorption of pollutants. In addition, the microporous effect and size exclusion are also physical factors that affect adsorption (Karanfil & Kilduff ) .
On the other hand, the effect is related to the elemental composition, surface functional groups, surface acidity and alkalinity, and zeta potential. First, H/C and (O þ N)/C are usually used to characterize the aromaticity and polarity of carbon; that is, the smaller the H/C, the greater the aromaticity; the greater the (O þ N)/C, the greater the polarity (Chen et al. ) . The ash content is also significant for adsorption because minerals can affect the distribution of organic matter on the carbon surface (Sun et al. ) . Moreover, the ash can catalyze the formation of orderly graphite structures during the pyrolysis process, leading to a higher aromaticity (Liu et al. ) . Second, there are various surface functional groups on the surface of CMs. They affect adsorption by electrostatic attraction/repulsion (Qiu et In summary, there have been many studies about the effects of CM preparation methods on adsorption, but few studies have compared the adsorption capacity of CMs prepared from different types of solid wastes (industry, plant, and livestock).
Nonylphenol (NP) is a common industrial antioxidant, an additive in lubricating oils (Soares et al. ; Eganhouse et al. ) and a raw material in the production of nonylphenol ethoxylates, which are the most widely used non-ionic surfactants. Worldwide, NP concentrations in aquatic environments range from non-detectable (ND) levels to 4,100 ng/L in surface water (Vethaak et al. ; Chen & Yeh ; Duong et al. ) and ND to 32,000 ng/g in sediments (Kawahata et al. ; Stewart et al. ) . NP, a typical endocrine disrupting contaminant, affects the growth, development and reproduction of many biological species, even at low concentrations (Sharma et al. ) , so studies on NP removal have attracted considerable attention. In this paper, the physicochemical properties of CMs prepared from plant solid wastes (rice straw and bamboo fragments), industrial solid wastes (fly ash and sludge) and livestock solid wastes (chicken manure) and their adsorption capacity to NP were studied and compared with commercial CMs such as graphite, carbon nanotubes, and activated carbons. Additionally, the relationship between the adsorption capacity and the physicochemical properties of CMs was studied, exploring the key factors affecting adsorption. This study provides the basis for solid wastes recycling and organic pollution remediation.
MATERIALS AND METHOD

Chemicals and materials
NP with a purity of >99% was purchased from Aladdin (China), prepared to generate a concentrated stock solution with acetonitrile (the concentration of NP was 1,000 mg/L) and stored in a refrigerator at 4 C.
Eleven kinds of CMs were prepared in this study. The specific types and preparation methods/purchase channels are shown in Table 1 . All the CM samples were ground through an 80-mesh screen.
As mentioned in Table 1 , IFC (Industrial fly ash after pickling), PRC (Plant rice straw after pickling) and PBC (Plant bamboo fragments after pickling) were prepared from the 
Characterization of CMs
The surface structure and morphology of various CMs were observed by scanning electron microscopy (SEM, JSM-5610 LV, JEOL, Japan) at an accelerating voltage of 10.0 kV and a temperature of 25 (Guan et al. ) . The percentage (% by weight) of the elemental composition (C, H, and N) of the CMs was determined by an element analyzer, EA 1110 (Carlo Erba, Italy) (Sun & Zhou ) . The standard for determining the ash content of the CMs was referred to the 'Wood charcoal and test method of wood charcoal', GB/ T17664 -1999. The SSA and pore structure of the CMs were determined by a Coulter Omnisorp 100CX physical and chemical adsorption instrument, in which high purity nitrogen acted as the adsorbent gas. The SSA was obtained by adsorption data. The micropore surface area, external surface area and pore volume of the CMs were obtained by t-plot analysis. The micropore volume was calculated at P/P 0 ¼ 0.99. The mesoporous volume was calculated using the BJH method (desorption curve) (Kwon & Pignatello ; Sun & Zhou ). The Fourier transform infrared spectroscopy (FTIR) spectra of the CM samples were recorded between 400 and 4,000 cm À1 using a Shimadzu IR Prestige-21 Infrared Spectrometer (Shimadzu Instruments Corporation). The spectra were recorded at a resolution of 4.0 cm À1 (Chun et al. ; Qiu et al. ). The oxygenated acidic and basic surface groups of the CM samples were determined using Boehm's titration method (Chun et al. ) . The zeta potential was measured as follows: an 0.01 mol/L NaCl solution was prepared. HCl and NaOH were used to adjust the solution to a series of pH values (2-11) by ZD-2 automatic potentiometric titration (purchased from Shanghai Yidian Scientific Instrument Co., Ltd). The appropriate amounts of CMs were added to each 50 mL plastic centrifuge tube; then, the adjusted NaCl solution was added. At last, it was all placed in a horizontal shaker at 150 rpm at 30 ± 1 for 24 h. Then, it was subjected to 3,000 rpm centrifugation for 10 min. The zeta potential was measured by ZD-2 automatic potentiometric titration.
Sorption experiment
The stock solution for NP was prepared in acetonitrile, and it was further diluted into a set of concentrations ranging from 0.2 to 4 mg/L with an electrolyte matrix (200 mg/L NaCl and 200 mg/L NaN 3 ). All sorption experiments were conducted in triplicate in 50 mL glass centrifuge vials. The sorbent to water ratio (W/V) was adjusted to achieve 30-70% of the total solute adsorption. Appropriate aliquots of CMs were then added into each vial before delivering 30 mL of the NP solution. The vials were agitated on a horizontal shaker at 150 rpm at 30 ± 1 for 24 h in the dark. Then, the sorbents and aqueous phases were separated by centrifugation at 3,000 rpm for 20 min, and the NP concentrations in the supernatant were analyzed. The content of NP in the solution was determined by a high-performance liquid chromatography-fluorescence detector (Agilent 1100-FLD) (Lou et al. ) . Three groups were set up in parallel. During the experiments, blank control experiments without CMs were carried out at the same time, which indicated the NP loss by other means was less than 5.0%.
Data analysis
The adsorption data were fitted by the Freundlich model (shown as Equation (1)). The correlation between the adsorption parameters and the physicochemical properties of the CMs was analyzed by Spearman rank analysis and linear correlation analysis using SPSS 22 and Origin 8.0 software, respectively. The method resulted in a Spearman rank coefficient (r s ), which is a statistical measure of the strength of a monotonic relationship between paired data. The closer r s is to ±1, the stronger the monotonic relationship. The absolute value of r s between 0.60 and 0.79 indicates a 'strong correlation' and a 'very strong correlation' between 0.80 and 1.0. A significance value (sig.) less than 0.05 was considered statistically significant (95% confidence level).
where Q e represents the equilibrium sorption capacity (mg/kg); C e represents the equilibrium aqueous concentration (mg/L); K f is the Freundlich model capacity factor ((mg/kg)/(mg/L) n ), and n is the isotherm linearity parameter, an indicator of energy heterogeneity at the site (He et al. )
RESULTS AND DISCUSSION
Characterization of CMs SEM SEM images of CMs with a magnification of 1,000, 3,000 and 10,000 are shown as Figure 1 . CMs prepared from industrial solid wastes were not homogeneous. For example, Industrial sludge (ISP) had a variety of irregular structures with surface roughness. Fly ash (IFP) was composed of spherical particles with different diameters, and the particle surfaces were very smooth. Some of them flocculated, likely due to the clay filling among the particles. After demineralization, many of the spherical structures were broken, and there were many honeycomb holes in the surface at the higher magnifications for pickled fly ash (IFC). CMs prepared from plant solid wastes had abundant porosity (especially after demineralization). Rice straw (PRP) was rod-shaped, had a rough surface structure and had many large pores on its stems. Portions of bamboo fragment (PBP) were curved, with many regular and medium-sized pores. The sizes of pickled rice straw (PRC) and pickled bamboo fragment (PBC) were small, and many dense pores were formed. The chicken manure (LCM) prepared by livestock solid waste had irregular shapes and no obvious pore structure, but a large number of rod-like crystal structures existed. The surface structures of the three commercial CMs were very regular. Graphite carbon (GC) was made up of many sheet-like structures with different sizes, but its pore structure was not dense; Carbon nanotube (CNT) was composed of a large number of dense filamentous structures at high magnification; Activated carbon (AC) had many debris structures and aggregates.
Element composition
As demonstrated in Table 2 , the elemental composition and atomic ratio of various CMs were quite different. For CMs prepared by the plant solid wastes (excluding PRP (Plant rice straw)) and commercial CMs, the carbon content was relatively high (C% > 50%), while the ash content was low. However, the carbon content of CMs prepared with industrial solid wastes and the LCM (Livestock chicken manure) prepared from livestock solid wastes was lower.
Especially, the C% of IFP (Industrial fly ash) and ISP (Industrial sludge) was less than 10%. For the atomic ratio, it was seen that the H/C value of IFP (Industrial fly ash), ISP (Industrial sludge) and PRP (Plant rice straw) was greater than or equal to 0.10, while for the other CMs, it was lower than 0.04. The lower the H/C value, the greater the aromaticity. Therefore, the CMs (except PRP (Plant rice straw)) prepared by plant solid wastes and commercial CMs had a higher aromaticity than the CMs (except IFC (Industrial fly ash after pickling)) prepared by industrial solid wastes. The higher the ratio of (O þ N)/C, the higher the polarity (Chen et al. ; Chen & Chen ). Therefore, the polarity of PRP (Plant rice straw) and ISP (Industrial sludge) was significantly higher than the other CMs.
SSA and pore size distribution
Surface functional groups
From the infrared spectrum and acid-base titration results of various CMs (Figure 2 and Table 3 ), it was found that the type and number of functional groups of various CMs were different. In addition to IFP (Industrial fly ash), PRP (Plant rice straw), and PBP (Plant bamboo fragments), the number of acidic functional groups of the rest of the CMs were significantly higher than the number of basic functional groups, while the basic functional groups of the pickled IFC (Industrial fly ash after pickling), PRC (Plant rice straw after pickling), and PBC (Plant bamboo fragments after pickling) were close to 0. In the acidic functional groups, the number of carboxyl groups was higher than that of those phenolic hydroxyl group and lactone group, and the number of quinone groups was the least. For example, the carboxyl content of ISP (Industrial sludge), PBC (Plant bamboo fragments after pickling), AC, and PRC (Plant rice straw after pickling) was higher than 0.4 mmol/g, while that of ISP (Industrial sludge) was the highest (4.095 mmol/g).
In the infrared spectra, the absorption peaks of the CMs appeared at 470 cm À1 , 1,090 cm À1 , 1,620 cm À1 , and 3,430 cm À1 , corresponding to the stretching vibrations of SiO 3 2À , C-O, the aromatic skeleton or C ¼ O, phenolic hydroxyl or alcohol hydroxyl groups, respectively. In contrast to Figure 2 and Table 3 , it was found that the infrared absorption peaks of the CMs (IFP (Industrial fly ash), IFC (Industrial fly ash after pickling), and ISP (Industrial sludge)) prepared from industrial solid wastes were obvious and broad (1,090 cm À1 , 1,620 cm À1 , and 3,430 cm À1 ), which was consistent with the content of the functional groups in Table 3 . However, the absorption peaks of PBP (Plant bamboo fragments), PBC (Plant bamboo fragments after pickling) and the three commercial CMs in the infrared spectra were not obvious, which was consistent with their generally low functional groups. The PRP (Plant rice straw), PRC (Plant rice straw after pickling) and CMs prepared from industrial solid wastes were absorbed at 470 cm À1 , which was consistent with their higher ash content (ash content >45%). The pickling process also affected the surface functional groups of PRP (Plant rice straw) and PRC (Plant rice straw after pickling). On the one hand, the ash was removed. On the other hand, the content of the carboxyl groups, phenolic groups and quinone groups increased, and the absorption peaks at 1,620 cm À1 and 3,430 cm À1 were more obvious.
Zeta potential
The zeta potentials of various CMs at pH ¼ 7 were shown in Table 2 . Compared with Tables 2 and 3, it could be seen that the CMs with more acidic functional groups, such as the three commercial CMs, ISP (Industrial sludge) and PRC (Plant rice straw after pickling), had positive zeta potentials, which were between 10 and 86 mV. Additionally, the zeta potentials were negative when the CMs had more basic functional groups, such as IFP (Industrial fly ash), PRP (Plant rice straw) and PBP (Plant bamboo fragments), which were between À180 and À240 mV. 
Adsorption capacity of CMs and mechanism of CMs
Adsorption capacity
The adsorption isotherms of NP for various CMs were shown in Figure 3 . It was found that the Freundlich model fitted the data well, and R 2 was 0.916-0.996 (Table 4) . The K f values of the adsorption parameters were in the following order: IFP (Industrial fly ash) < LCM (Livestock chicken manure)/PRP (Plant rice straw)/IFC (Industrial fly ash after pickling)/GC (Graphite carbon)/ISP (Industrial sludge) < CNT (Carbon nanotube)/PRC (Plant rice straw after pickling) < PBP (Plant bamboo fragments)/PBC (Plant bamboo fragments after pickling)/AC (Activated carbon). The adsorption capacities of the CMs prepared from plant solid wastes (excluding PRP (Plant rice straw)) and commercial CMs (AC (Activated carbon), CNT (Carbon nanotube)) were very high (K f > 8,000 (mg/kg)/ (mg/L) n ), especially that of PBC (Plant bamboo fragments after pickling), which reached 7.9 × 10 4 (mg/kg)/(mg/L) n (close to that of AC). However, the adsorption capacities of the CMs prepared from industrial and livestock solid wastes were low (K f < 2,500 (mg/kg)/(mg/L) n ). The K f of the IFP (Industrial fly ash) was close to zero, indicating no adsorption of NP.
Correlation analysis of K f and the characteristics of CMs
The adsorption capacity of various CMs was closely related to their physicochemical properties. The fitting parameter (K f ) of the Freundlich model was correlated and analyzed with the physicochemical properties of various CMs by the Spearman rank coefficient and linear correlation.
The analysis results are shown in Figure 4 and Table 5 , and the main conclusions are listed as follows:
(1) As shown in Figure 4 (a) and ) . The larger the SSA, the greater the number of adsorption sites available on the CMs. In addition, the lower the SSA, the larger the proportion the exposed SSA occupied, while the proportion of pores that captured pollutants was relatively small.
(2) K f was significantly and positively correlated with the pore volume, mesoporous volume, and micropore volume (r s > 0.83, Sig. 0.001). The pore volume of CNT (Carbon nanotube) was much larger than the others due to its unique structure. In addition to CNT, the correlation between K f and the total pore volume found to be significant (R 2 ¼ 0.952), suggesting that pore-filling also played a major role in the adsorption of NP (Figure 4(b) ), while the correlation between K f and the mesoporous volume is shown in Figure 4 (c) (R 2 ¼ 0.800). Therefore, the mesopores easily adsorbed and captured NP molecules, while the micropores (d 2 nm) were too small to allow the entry of NP molecules, which was detrimental to adsorption. (3) There was a significant and positive correlation between K f and C% (r s ¼ 0.745, Sig. ¼ 0.008; R 2 ¼ 0.312) and a significant and negative correlation between K f and ash%. Note: NA showed it cannot be measured, that is basically not adsorbed.
In general, the higher the C%, the higher the organic matter content of the CMs. NP, a fat-soluble organic molecule, could share hydrophobic interactions with the organic matter-rich CMs. The linear regression of K f and C% can be seen in Figure 4(d) . From the regression results, GC (Graphite carbon) and CNT (Carbon nanotube) deviated from the straight line, that is, GC (Graphite carbon) and CNT (Carbon nanotube) had a high carbon content and low adsorption capacity. Although the C% of GC (Graphite carbon) and CNT (Carbon nanotube) was as high as AC, their adsorption capacities were far less than that of AC because of their regular, compact structure and fewer surface heteroatoms. (4) The results showed that the correlation between zeta potential (pH ¼ 7) and adsorption capacity was poor (r s ¼ À0.169, Sig. ¼ 0.620). The linear correlation between the zeta potential and K f of various CMs was poor (Figure 4 (e), R 2 ¼ 0.199). As shown in Table 2 , the zeta potentials of IFP (Industrial fly ash), LCM (Livestock chicken manure), and PRP (Plant rice straw) with a relatively poor adsorption capacity were negative, while those of AC, CNT (Carbon nanotube), and PRC (Plant rice straw after pickling) with a strong adsorption capacity were positive, indicating the zeta potentials of the CMs were conducive to the adsorption of NP. It may be that NP was negatively charged in the solution by deprotonation and was more likely to be adsorbed onto the CMs with positive zeta potentials by Coulomb forces (Jin et al. ) . the CMs (Sig. > 0.05) but was significantly and positively correlated with the carboxyl content (r s ¼ 0.679, Sig. ¼ 0.022). However, the linear correlation between the carboxyl content and K f of various CMs was poor (Figure 4 (f), R 2 ¼ À0.099). This may be due to the strong electronegativity of the carboxyl groups that could easily form hydrogen bonds with NP molecules, thereby promoting the adsorption.
Comparison of adsorption properties
In summary, the physicochemical properties and adsorption capacities of the CMs were very different (Table 6 ). For the CMs prepared from industrial solid wastes, the adsorption capacities (K f < 2,500 (mg/kg)/(mg/L) n ) were poor due to their high ash content, small SSA and less rich pore structure. For the CMs prepared from plant solid wastes, most of the CMs had high adsorption capacities (K f > 13,000 (mg/kg)/ (mg/L) n ), mainly due to their large SSA, very rich pore structure (especially mesoporous) and high aromaticity. For the CMs prepared from livestock solid wastes, the adsorption capacity of LCM (Livestock chicken manure) was poor, mainly because of its small SSA, small pore volume, large pore diameter and low carbon content. For the commercial CMs, the adsorption capacities of CNT (Carbon nanotube) and AC (Activated carbon) were high, mainly due to their large SSA, large pore volume (especially CNT (Carbon nanotube)), high carbon content, high zeta potential and high aromaticity, while the adsorption capacity of GC (Graphite carbon) (K f ¼ 1,930.40 (mg/kg)/(mg/L) n ) was low, mainly due to its smaller SSA and pore volume.
Effect of pickling process on adsorption capacity
The adsorption capacity of the CMs was obviously improved after pickling. The K f of the fly ash, straw carbon and bamboo charcoal were increased from 0, 860.541, and 61717.7 (mg/kg)/(mg/L) n to 950.858, 13731.4, and 78773.2 (mg/kg)/(mg/L) n , respectively. The main reason was that the pickling process not only destroyed the original structure of the CMs (the debris size was obviously smaller) but also formed many smaller pores, so the SSA and pore volume increased. Additionally, after acid treatment, the ash%, H/C and the number of basic functional groups of the CMs decreased, while the C%, aromaticity, and the number of acidic functional groups increased. Relative to Well Large SSA (>170 m 2 /g), large pore volume (>0.69 cm 3 /g, especially mesoporouss), high carbon content (>80%), high zeta potential, high aromaticity the IFP (Industrial fly ash), PRP (Plant rice straw) and PBP (Plant bamboo fragments) before pickling, the C% of IFC (Industrial fly ash after pickling), PRC (Plant rice straw after pickling) and PBC (Plant bamboo fragments after pickling) after pickling increased from 0.33%, 7.44%, and 65.14% to 17.87%, 50.22%, and 87.25%, respectively, (Table 2) . At the same time, the zeta potentials increased from À236, À197, and À188 mV to 56, 74, and À43 mV, probably due to the neutralization of the basic functional groups and the increase of acidic functional groups. The numbers of basic functional groups after pickling all reduced from 4.017, 1.263, and 2.780 mmol/g to 0, respectively.
CONCLUSION
The adsorption capacity of various CMs to NP ranked in the following order: IFP (Industrial fly ash) <LCM (Livestock chicken manure)/PRP (Plant rice straw)/IFC (Industrial fly ash after pickling)/GC (Graphite carbon)/ISP (Industrial sludge) <CNT (Carbon nanotube)/PRC (Plant rice straw after pickling) < PBP (Plant bamboo fragments)/PBC (Plant bamboo fragments after pickling)/ AC (Activated carbon). The adsorption capacity of the CMs increased with the increase of C%, SSA, pore volume (especially mesoporous) and carboxyl groups in the CMs and decreased with the increase of ash%. In the CMs, the adsorption capacity prepared from plant solid wastes of rice straw and bamboo fragments was much better than those of the industrial solid wastes of fly ash and sludge and the livestock solid waste of the chicken manure. Among the commercial CMs, the adsorption capacities of AC (Activated carbon) and CNT (Carbon nanotube) were higher, while that of GC (Graphite carbon) was lower. The adsorption capacities of IFC (Industrial fly ash after pickling), PRC (Plant rice straw after pickling), and PBC (Plant bamboo fragments after pickling) had a significant increase because of the decreased ash% and increased C%, aromaticity, SSA and pore volume. The results of this study showed that some plant solid wastes are more suitable for hydrophobic organic contaminants' pollution remediation than industrial and livestock solid wastes.
